OPTICAL DEVICE HAVING MICRO LENS ARRAY AND METHOD 
FOR MANUFACTURING THE SAME 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent Application No. 
2003-60548 filed on March 6, 2003, the disclosure of which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to an optical device having a 
micro lens array and a method for manufacturing the same. 

BACKGROUND OF THE INVENTION 

An optical device having a micro lens array is disclosed in 
Japanese Patent Application Publication No . H06-194502 . The device 
is manufactured with the following method shown in Figs. 35A to 3 5D. 

As shown in Fig. 35A, a photo-resist 101 is applied to a glass 
substrate 105. Then, the resist 101 is patterned into a 
predetermined pattern, as shown in Fig. 35B. Next, the resist 101 
is annealed so that the resist 101 becomes to have a hemispherical 
shape. Here, the resist 101 is fluidized when the resist 101 is 
annealed at a certain temperature, so that the resist 101 is deformed 
to have the hemispherical shape because of a surface tension of the 
res is t 101. Then , the res is t 1 0 1 is cooled down to a room temperature , 
so that the resist 101 is solidified with having the hemispherical 
shape. In this way, the resist 101 is used as a construction of 
a micro lens array. 



Further, another optical device having a micro lens array is 
manufactured with the following methods. A photo-resist on a glass 
substrate having a hemispherical shape like the resist 101 on the 
substrate 105 shown in Fig. 35D is prepared. Then, the resist with 
5 the substrate is etched with an anisotropic etching method such as 
a highly anisotropic dry-etching method, so that the hemispherical 
shape of the resist is transcribed to the substrate. Thus , the glass 
substrate has a hemispherical shape, and is used as a construction 
of a micro lens array. 

10 However, in the above methods, a curvature of a lens, i.e., 

a curvature of the hemispherical shape of the resist 101 or the glass 
substrate 105 is not controlled correctly. That is because the 
hemispherical shape is formed by the surface tension of the resist 
101. Therefore, the hemispherical shape is formed by natural 

15 consequences, so that the micro lens array having a controlled 
curvature is not manufactured in the above methods. Specifically, 
it is difficult to manufacture a lens having a small curvature radius 
i.e., a large numerical aperture (i.e., a large NA) with the above 
methods. Further, it is difficult to manufacture a lens having 

20 aspheric shape with the above methods. 

SUMMARY OF THE INVENTION 
In view of the above problem, it is an object of the present 
invention to provide an optical device having a micro lens array. 
Specifically, the micro lens array of the device has high design 
25 freedom. 

It is another object of the present invention to provide a 
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t. 

method for manufacturing an optical device having a micro lens array. 

An optical device includes a semiconductor substrate and an 
optical part having a plurality of columnar members disposed on the 
substrate. Each columnar member is disposed in a standing manner 
5 and adhered each other so that the optical part is provided. The 
optical part is integrated with the substrate. 

The optical part having a predetermined shape can be formed 
as planned , so that the above device has high design freedom. 

Preferably , the optical part includes a micro lens array. 
10 More preferably, each columnar member has a boundary disposed 
therebetween , and the boundary is parallel to a light axis of the 
optical part. 

Preferably , the optical part includes an impurity doped layer, 
and the impurity doped layer has an impurity concentration 
15 distribution in a vertical direction of the substrate. More 
preferably, the impurity concentration distribution has a chevron 
shape so that a maximum impurity concentration is disposed in a 
predetermined depth, which is measured from a surface of the optical 
part. 

20 Further, a method for manufacturing an optical device is 

provided. The method includes the steps of: etching a semiconductor 
substrate with a predetermined mask so that a plurality of trenches 
is formed in the substrate and a plurality of semiconductor wall 
is formed between the trenches; and thermally oxidizing the 

25 substrate so that the semiconductor wall is transformed into a 

semiconductor oxide wall and the trench is filled with semiconductor 

oxide. The semiconductor oxide wall and the semiconductor oxide 
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in the trench provide an optical part. The optical part is 
integrally formed with the substrate, and passes a light 
therethrough. The optical part made of the above method having a 
predetermined shape can be formed as planned, so that the above 
5 device has high design freedom. 

Preferably, the trench has a width, and the semiconductor wall 
has another width, and the widths of both of the trench and the 
semiconductor wall are determined in such a manner that the trench 
is filled with the semiconductor oxide and at the same time the 

10 semiconductor wall is transformed into the semiconductor oxide wall 
in the step of thermally oxidizing the substrate. More preferably, 
a ratio between the width of the trench and the width of the 
semiconductor wall is 0.55:0.45. 

Preferably, the method further includes the step of forming 

15 an epitaxial layer on the substrate. The epitaxial layer includes 
an impurity concentration distribution having a chevron shape in 
a film thickness direction. More preferably, the optical part 
includes the epitaxial layer so that the optical part condenses a 
light in a vertical direction, which is perpendicular to the 

20 substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 
present invention will become more apparent from the following 
detailed description made with reference to the accompanying 
25 drawings. In the drawings: 

Fig. 1 is a perspective view showing an optical device 
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according to a first embodiment of the present invention; 

Fig. 2A is a plan view showing the device, and Fig. 2B is a 
cross-sectional view showing the device taken along line IIB-IIB 
in Fig. 2A, according to the first embodiment; 
5 Fig. 3 is a plan view explaining a method for manufacturing 

the device according to the first embodiment; 

Fig. 4 is a cross-sectional view showing the device taken along 
line IV- IV in Fig. 3; 

Fig. 5 is a plan view explaining the method for manufacturing 
10 the device according to the first embodiment; 

Fig. 6 is a cross-sectional view showing the device taken along 
line VI-VI in Fig. 5; 

Fig. 7 is a plan view explaining the method for manufacturing 
the device according to the first embodiment; 
15 Fig. 8 is a cross-sectional view showing the device taken along 

line VIII-VIII in Fig. 7; 

Fig. 9 is a plan view explaining the method for manufacturing 
the device according to the first embodiment; 

Fig. 10 is a cross-sectional view showing the device taken 
20 along line X-X in Fig. 9; 

Fig. 11 is a plan view explaining the method for manufacturing 
the device according to the first embodiment; 

Fig. 12 is a cross-sectional view showing the device taken 
along line XII-XII in Fig. 2A; 
25 Figs. 13A and 13B are a partial plan view showing a T-shaped 

connection of the device according to the first embodiment; 

Figs. 14A and 14B are plan views explaining a deformation of 
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a silicon oxide wall, according to the first embodiment; 

Figs. 15A and 15B are plan views explaining the deformation 
of the silicon oxide wall, according to the first embodiment; 

Figs. 16A and 16B are plan views showing different devices 
5 according to a second embodiment of the present invention; 

Figs. 17A and 17B are plan views showing different devices 
according to the second embodiment; 

Figs. 18A and 18B are plan views showing different devices 
according to the second embodiment; 
10 Fig. 19 is a plan view showing an optical device according 

to a third embodiment of the present invention; 

Fig. 20 is a cross-sectional view showing the device taken 
along line XX-XX in Fig. 19; 

Figs. 21A and 2 IB are cross-sectional views explaining a 
15 construction of the device shown in Fig 1; 

Figs. 22A to 22C are cross-sectional views explaining a method 
for manufacturing an optical device according to a fourth embodiment 
of the present invention; 

Fig. 23 is a plan view showing an optical device according 
20 to a fifth embodiment of the present invention; 

Fig. 24 is a cross-sectional view showing the device taken 
along line XXIV-XXIV in Fig. 23; 

Fig. 25 is a plan view explaining an operation of the device 
according to the fifth embodiment; 
25 Figs. 2 6A to 26C are cross-sectional views explaining a method 

for manufacturing the device according to the fourth embodiment; 

Figs. 27A and 27B are cross-sectional views explaining the 



method for manufacturing the device according to the fourth 
embodiment ; 

Fig. 28 is a perspective view showing an optical device 
according to a sixth embodiment of the present invention; 
5 Fig. 29A is a perspective view explaining a method for 

manufacturing the device , and Fig. 29B is a graph showing a 
relationship between depth and impurity concentration in the device, 
according to the sixth embodiment; 

Fig. 3 0 is a perspective view explaining the method for 
10 manufacturing the device according to the sixth embodiment; 

Fig. 31A is a perspective view explaining a method for 
manufacturing another device, and Fig. 3 IB is a graph showing a 
relationship between depth and impurity concentration in the another 
device, according to the sixth embodiment; 
15 Fig. 32 is a perspective view showing an optical device 

according to a seventh embodiment of the present invention; 

Fig. 33 is a perspective view showing another optical device 
according to the seventh embodiment; 

Fig. 34 is a plan view showing the another device according 
20 to the seventh embodiment; and 

Figs. 35A to 35D are cross-sectional views explaining a method 
for manufacturing an optical device according to a prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 
2 5 An optical device 1 having a micro lens array (i.e., a micro 

lens) according to a first embodiment of the present invention is 
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shown in Figs. 1-2B. The device 1 includes a silicon substrate 8 
having a concavity 2. In the concavity 2, a micro lens array 3 is 
disposed on a bottom surface of the concavity 2. The micro lens 
array 3 is a flat type cylindrical convex lens (i.e. , a cylindrical 
plano-convex lens) . Specif ically, the micro lens array 3 includes 
a flat inlet surface 3a and a convexity outlet surface 3b. The micro 
lens array 3 is constructed by a plurality of columnar members 4. 
Each columnar member 4 is made of silicon oxide, and contacts each 
other. The columnar member 4 is disposed perpendicularly to the 
foreside surface of the substrate 8, and is formed integrally with 
the substrate 8. A light emitted from a light source 7 such as laser 
device passes through the micro lens array 3. Specif ically , the 
light passes through each columnar member 4. 

As shown in Fig. 2B, the bottom side of the columnar member 
4 has an arc like cross-section. Thus, the micro lens array 3, i.e. , 
a silicon oxide block is constructed with a plurality of columnar 
members 4 disposed in contact with each other in a standing manner, 
so that the micro lens array 3 connects to the substrate 8 without 
adhesion bond. Further, the micro lens array 3 connects to the 
substrate 8 at a boundary having a micro concavity and convexity 
shape. Specifically, both of the foreside surface and the bottom 
surface of the micro lens array 3 have a concavity and convexity 
shape, which has a concavo-convex surface in one horizontal 
direction X, and has a continuous surface in the other horizontal 
direction Y. Here, the one horizontal direction X is parallel to 
the flat inlet surface 3a, and the other horizontal direction Y is 
perpendicular to the inlet surface 3a. The light passes through 



the micro lens array 3 , i.e. , a silicon oxide block formed integrally 
with the substrate 8 . 

The columnar member 4 is disposed parallel to a light path 
of a transmitted light TB in the other horizontal direction Y. Here, 
an incident light IB enters the micro lens array 3, and outputs as 
the transmitted light TB. Thus, an extending direction of the 
columnar member 4, i.e. , the other horizontal direction Y is parallel 
to the light path of the transmitted light TB f so that an angle 
between the light path and the extending direction of the columnar 
member 4 becomes smaller than the total reflection angle between 
the silicon oxide and the air. Therefore, the transmittance of the 
light is improved, i.e. , the transmittance of the light is prevented 
from being reduced. Here, in general, the transmittance of the 
light is reduced because of the scattering of light and so on. 

The micro lens array 3 integrally formed with the substrate 
8 has a connection portion 5 as a base. The connection portion 5 
is disposed lower side of the micro lens array 3, and made of silicon. 
The connection portion 5 has a concavity and convexity shape. In 
the concavity 2, a clearance 6 is disposed between the micro lens 
array 3 and the substrate 8. Specifically, the clearance 6 is 
disposed around a periphery of the micro lens array 3. Thus, the 
micro lens array 3 is separated from the substrate 8 with the 
clearance 6, so that the micro lens array 3 is limited from buckling 
in case of forming the micro lens array 3, as described later. 

The micro lens array 3 has a height H in a vertical direction 
Z, which is equal to or larger than 10 , i.e., a thickness H of 
the micro lens array 3 is equal to or larger than 10 fx m . Preferably, 



the height H of the micro lens array 3 is equal to or larger than 
100 jj.m . The micro lens array 3 has a width W in the one horizontal 
direction X, which is about 500 /urn. 

Further, the micro lens array 3, i.e. , the silicon oxide block 
connects to the substrate 8 without any adhesion bond, so that the 
micro lens array 3 has a high heat radiation property. For example , 
the optical device 1 can be used for collimating a high power laser 
beam. The laser beam is outputted from the laser device 7 . In this 
case, since the micro lens array 3 is small, it is required to 
approach the laser device 7 to the micro lens array 3 . Specifically, 
in a case where the laser beam has a spreading angle of 90°, a distance 
L between the laser device 7, i.e. , an emission outlet of the laser 
beam, and the micro lens array 3 is about lOO^m . That is, the 
emission outlet of the laser device 7 is approached to the inlet 
surface 3a of the micro lens array 3 within about 100 ^um . In this 
case, the micro lens array 3 absorbs the laser beam so that the 
temperature of the micro lens array 3 may be increased. However, 
the micro lens array 3 according to the first embodiment is limited 
from increasing its temperature. That is because the micro lens 
array 3 connects to the silicon substrate 8 without any adhesion 
bond. Specifically, the micro lens array 3, i.e., the silicon oxide 
block has high heat conductivity, which is much higher than that 
of glass. Thus, heat generated in the micro lens array 3 conducts 
to the silicon substrate 8 easily and rapidly. 

Next, the optical device 1 having the micro lens array 3 is 
manufactured as follows. As shown in Figs. 3 and 4, an oxide film 
mask 10 is formed on the substrate 8. Then, the mask 10 is patterned 



to have a micro lens shape. Next, the substrate 8 is etched through 
an opening of the oxide film mask 10 so that a trench 11 is formed, 
as shown in Figs. 5 and 6. Thus, in the first process, the silicon 
substrate 8 is etched with using the mask 10 patterned into a 
predetermined pattern, so that a plurality of trenches 11 and an 
outside trench 15 are formed. Each trench 11 has the same width, 
and the same distance therebetween. In this way, the trenches 11 
are aligned in the same direction and aligned parallel to the light 
path, i.e., the other horizontal direction. Here, the trenches 11 
are disposed in a lens-to-be-formed region, which provides to be 
a micro lens array 3. The width of the trench 11 and the width of 
a silicon wall 16, which is disposed between the trenches 11, are 
controlled such that a ratio between the widths of the trench 11 
and the silicon wall 16 is set to be 0.55:0.45. Therefore, the 
opening of the mask 10 and the distance between the openings of the 
mask 10 are pre-determined to become the ratio of 0.55:0.45. For 
example, assuming that the width of the trench 11 is l.l/4m, the 
width of the silicon wall 16 becomes 0.9ftm . Assuming that the width 
of the trench 11 is 2.2jum , the width of the silicon wall 16 becomes 
1.8]Um . 

Next, the substrate 8 is annealed in hydrogen atmosphere so 
that surface roughness of a sidewall of the trench 11 or the outside 
trench 15 becomes small. The surface roughness, i.e., the flatness 
of the sidewall of the trench 11, 15, specifically, the flatness 
of the sidewall disposed on the outmost periphery in the 
lens-to-be-formed region (i.e., the sidewall of the outside trench 
15) is much important, because the sidewall of the outmost periphery 



becomes to be the inlet or outlet surface 3a, 3b. Therefore, after 
forming the trench 11 , 15 with using the etching method, the sidewall 
of the trench 11 , 15 is smoothed by annealing in the hydrogen 
atmosphere. Thus, the micro lens array 3 has a smooth surface, 
specifically, the smooth inlet or outlet surface 3a, 3b. This 
smoothing technique is disclosed in Japanese Unexamined Patent 
Application Publication 2002-231945. 

Next, as shown in Figs. 7 and 8, the substrate 8 is dipped 
into hydrofluoric acid so that the oxide film mask 10 is removed. 
Then, as shown in Figs. 9 and 10, the trench 11 is filled with silicon 
oxide with using thermal oxidation method as the second process after 
the trench 11, 15 is formed. At that time, the silicon wall 16 
disposed between the trenches 11 is transformed to silicon oxide, 
and the outside trench 15 is covered with the silicon oxide. Here, 
the substrate 8 is thermally oxidized in a thermal oxidation process . 
The silicon oxide is formed in the trench 11 so that the trench 11 
is filled with the silicon oxide. Further, the silicon wall 16 is 
oxidized so that the silicon wall 16 is transformed into a silicon 
oxide wall 16a. Thus, the micro lens array 3 as a light transmission 
block (i.e. , the silicon oxide block) is formed integrally with the 
substrate 8. 

In this process, the thickness of the silicon oxide to be 
formed in the thermal oxidation process is set to be equal to or 
larger than a total thickness of the widths of the trench 11 and 
the silicon wall 16. In general, the thermal oxidation proceeds 
toward the inside of the silicon wall 16 so that the silicon wall 
16 is transformed to the silicon oxide wall 16a, and the thermal 



oxidation forms the silicon oxide on the surface of the silicon wall 
16 so that the silicon oxide is provided toward the outside of the 
silicon wall 16. Here, a ratio of a processing speed of the 
transformation toward the inside of the silicon wall 16 and a 
processing speed of the formation of the silicon oxide toward the 
outside of the silicon wall 16 is, in general, 0.45:0.55. In this 
embodiment, the ratio between the widths of the trench 11 and the 
silicon wall 16 is set to be equal to the ratio of the processing 
speeds (i.e., 0.45:0.55), so that the silicon oxide is formed in 
the trench 11, and simultaneously the silicon wall 16 is transformed 
to the silicon oxide wall 16a completely. Therefore, the trench 
11 is filled with the silicon oxide completely, and at the same time, 
the silicon wall 16 is transformed to the silicon oxide wall 16a 
completely. Thus, the lens-to-be-formed region becomes the silicon 
oxide block, so that the micro lens array 3 is completed. 

Thus, after the mask 10 defines a plurality of periodic 
trenches 11 disposed on the substrate 8 so as to prepare the 
lens-to-be-formed region having the periodic trenches 11 , the trench 
11 is formed with using the etching method. Then, the 
lens-to-be-formed region is thermally oxidized so that the trench 
11 is filled with the silicon oxide and at the same time, the silicon 
wall 16 disposed between the trenches 11 is transformed to the 
silicon oxide wall 16a. Therefore, the lens-to-be-formed region 
becomes the silicon oxide block, so that the micro lens array 3 is 
completed . 

It is preferred that an anti-reflection film is coated on the 
substrate 8 after the thermal oxidation process. The 



anti-reflection film improves the transmittance of light in the 
optical device 1 • 

Further , a periphery silicon wall 12 is disposed at the outmost 
periphery in the lens-to-be-formed region. Here, the outmost 
periphery, i.e., the periphery silicon wall 12 defines the outer 
shape (i.e., the outline) of the micro lens array 3. Specifically, 
the bolder line of the periphery silicon wall 12 in the 
lens-to-be-formed region defines the outline of the micro lens array 
3. The periphery silicon wall 12 having a predetermined width is 
connected and surrounds the lens-to-be-formed region. Therefore, 
the outside trench 15 surrounds the lens-to-be-formed region, i.e. , 
the periphery silicon wall 12. 

The shape of the periphery silicon wall 12, i.e. , the outline 
of the periphery silicon wall 12 defines a curvature of the inlet 
or outlet surface 3a, 3b of the micro lens array 3. Therefore, as 
long as the mask 10 is prepared to have a certain pattern, the shape 
of the periphery silicon wall 12 can be controlled to have any shape, 
i.e., any curved surface or any flat surface. 

Further, the width W2 of the periphery silicon wall 12 is set 
to be equal to or smaller than the width Wl of the silicon wall 16. 
The reason of the above construction is described as follows. As 
shown in Figs. 13A and 13B, the silicon wall 16 and the outside 
silicon wall 12 are connected to have a T-shape. Here, the oxidation 
speed of the outside silicon wall 12 at the T-shaped connection 
becomes late compared with the other portion in the 
lens-to-be-formed region. Therefore, in a case where the width W2 
of the outside silicon wall 12 is larger than the width Wl of the 



silicon wall 16, a non-oxidized region 14 may be formed in the 
T-shaped connection of the outside silicon wall 12 , as shown in Fig. 
13A. Therefore, in a case where the width W2 of the outside silicon 
wall 12 is set to be equal to or smaller than the width Wl of the 
silicon wall 16 , the non-oxidized region 14 is limited from being 
formed in the outside silicon wall 12, as shown in Fig. 13B. 

As shown in Figs. 5 and 6, the outside trench 15 disposed on 
the outside of the lens-to-be-formed region (i.e., the outer 
periphery of the lens-to-be-formed region) has a wide width, which 
is sufficiently wider than the width of the trench 11. Therefore, 
as shown in Fig. 10, the outside trench 15 disposed on the outer 
periphery of the lens -to-be-formed region has a sufficient clearance 
after the silicon oxide is formed on the surface of the outside trench 
15 in the thermal oxidation process. Thus, no buckling is occurred 
in the outside trench 15. If the width of the outside trench 15 
is not sufficient, the silicon oxide block may be buckled or cracked 
after the thermal oxidation because the outmost periphery of the 
silicon oxide block pushes the substrate 8. 

Further, the outside trench 15 is deeply etched compared with 
the trench 11 disposed in the lens-to-be-formed region because of 
the micro loading effect in the trench etching process. 
Specifically, the depth of the outside trench 15 is larger than that 
of the trench 11. This configuration of trenches 11, 15 is 
significant for providing the light path freely in case of entering 
or outputting the light. Specifically, the micro lens array 3 
formed integrally with the silicon substrate 8 includes the 
connection portion 5 disposed under the micro lens array 3 so that 



the light path LI is not prevented in case of entering or outputting 
from the micro lens array 3, as shown in Fig, 12. Here, the light 
is emitted from the light source 7 , so that the light spreads toward 
the micro lens array 3 . The spreading angle of the light is about 
90° f and the distance between the light source 7 and the micro lens 
array 3 is 100 ^m. The height of the micro lens array 3 is also 
100 jum . Thus, if the depth of the outside trench 15 is shallow and 
the device has no connection portion 5, the light may be prevented 
by the substrate 8. Specifically, the light path LI is prevented 
by the substrate* 8. 

When the trenches 11, 15 are formed in the trench etching 
process, it is required that the each trench 11, 15 has a large aspect 
ratio. The aspect ratio is defined as a ratio between the depth 
and the width of the trench 11, 15, When the trench 11 , 15 has a 
large aspect ratio, the micro lens array 3 becomes a stereoscopic 
shape. 

Further, it is required that the trench 11, 15 does not have 
a tapered shape, an inverse tapered shape, nor a bowing shape (i.e. , 
a barrel shape). That is because a void, i.e., defect may be 
generated after the thermal oxidation process if the trench 11, 15 
has the above shape. Accordingly, it is important to secure 
uprightness (i.e., perpendicularity) of the sidewall of the trench 
11, 15. Here, the tapered shape of the trench 11, 15 provides that 
the width of the trench 11, 15 disposed around an opening thereof 
is larger than that around the bottom of the trench 11 , 15 in relation 
to the cross-section profile of the trench 11 , 15. The inverse 
tapered shape of the trench 11, 15 provides that the width of the 



trench 11 , 15 disposed around an opening thereof is smaller than 
that around the bottom of the trench 11, 15 in relation to the 
cross-section profile of the trench 11, 15. The bowing shape 
provides that the width of the trench 11 , 15 disposed around a center 
5 thereof is larger than that around the opening thereof or around 
the bottom of the trench 11, 15 in relation to the cross-section 
profile of the trench 11, 15. 

In view of the above requirement, the trench 11, 15 is formed 
with using a method disclosed in Japanese Patent Application 

10 Publication No. 2000-299310. Specifically, firstly, a passivation 
oxide film is formed on the inside surface (i.e., the sidewall and 
the bottom surface) of an initial trench. Then, the passivation 
oxide film disposed on the bottom surface of the initial trench is 
removed with using a reacting ion etching method. Subsequently, 

15 the bottom surface of the initial trench is etched so that the silicon 
substrate 8 is etched. Then, the passivation oxide film is formed 
again, and the bottom surface of the trench is etched, repeatedly. 
Thus, the trench 11, 15 having the aspect ratio of about 60 and having 
the upright sidewall is formed. 

20 Accordingly, firstly, the initial trench is formed with using 

the reactive ion etching method, and then the passivation oxide film 
is formed on the inside of the initial trench. Further, the 
passivation oxide film disposed on the bottom surface of the initial 
trench is etched, and then the bottom surface of the trench, i.e., 

25 the silicon substrate 8 is further etched so as to entrench deeply. 
Thus, the trench 11, 15 having the large aspect ratio is completed. 

After the micro lens array 3 as the light transmission block 
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is formed integrally with the substrate 8, as shown in Figs. 9 and 
10, the substrate 8 is cut along with a line B shown in Fig. 11. 
Here, the line B passes through the outside trench 15. The cutting 
is performed by a dicing cut method. Thus, the optical device 1 
5 with the micro lens array 3 having a cylindrical lens is completed. 

When the ratio between the widths of the trench 11 and the 
silicon wall 16 is 0.55:0.45, which is a theoretical ratio, the 
cylindrical lens has no clearance, i.e., no defect in the lens so 
that the cylindrical lens is completely formed of silicon oxide. 

10 Thus, the cylindrical lens is not deformed. However, when the mask 
10 is formed on the substrate 8, or when the trench 11 is formed 
with using the trench etching method, the mask 10 or the trench 11 
may have a variation in dimensions, so that the ratio between the 
widths of the trench 11 and the silicon wall 16 becomes different 

15 from the theoretical ratio, i.e., 0.55:0.45. 

If the width of the trench 11 becomes relatively larger than 
the theoretical ratio, the trench 11 is not filled with the silicon 
oxide completely so that the void is generated. However, when this 
void is sufficiently small in relation to the wavelength of the light 

20 passing through the cylindrical lens, and the light path is parallel 
to the longitudinal direction of the void, an inhomogeneity in the 
cylindrical lens caused by the void does not affect to the 
performance of the cylindrical lens substantially. Here, in 
general, the void or the boundary between the void and the silicon 

25 oxide works as a lens for scattering the light or for deflecting 
the light, so that the inhomogeneity of the cylindrical lens arises. 

If the width of the silicon wall 16 becomes relatively larger 
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than the theoretical ratio, the silicon wall 16 disposed between 
the trenches 11 is completely transformed into the silicon oxide 
and the trench 11 is over-filled with the silicon oxide. Thus, since 
the width of the silicon wall 16 becomes larger, the cylindrical 
lens expands in volume. Specifically, the cylindrical lens expands 
in a horizontal direction, and may be deformed. In this embodiment, 
the micro lens array 3 is surrounded by the outside trench 15 so 
that the expanded cylindrical lens does not press the sidewall of 
the substrate 8 disposed around the cylindrical lens. Therefore, 
the expanded cylindrical lens is not deformed. 

The optical device 1 according to the first embodiment is 
described in detail as follows. The cylindrical lens, i.e., the 
micro lens array 3 can be formed to have a predetermined shape, which 
is provided by the mask 10 having a predetermined pattern. The 
cylindrical lens has homogeneity in the vertical direction Z, which 
is perpendicular to the substrate 8. Here, the mask pattern defines 
the shape of the micro lens array 3 when the trench 11, 15 is formed 
in the trench etching process. Accordingly, the micro lens array 
3 having a predetermined shape can be formed as planned. Therefore, 
the mask pattern is changed so that the trench 11, 15 is formed to 
have a different shape or a different configuration. Accordingly, 
the optical device 1 has high design freedom. 

Here, the mask pattern has a certain pattern, which is a line 
and space type pattern having a predetermined ratio between a line 
and a space aligned periodically and continuously. Specifically, 
the line corresponds to the silicon wall 16, and the space 
corresponds to the trench 11. And the ratio between the width of 



the line and the width of the space is 0.45:0.55. The trench etching 
is performed with using the mask 10 having the ratio of 0.45:0.55. 
In this trench etching process , the trench 11 has the large aspect 
ratio. After that, whole the substrate 8 is thermally oxidized so 
5 that the silicon oxide is formed in the trench 11 and the silicon 
wall 16 is transformed into the silicon oxide wall 16a. Thus, the 
lens-to-be-formed region disposed on the substrate 8 is changed into 
the silicon oxide block (i.e. , the light transmission block) so that 
the micro lens array 3 is formed. 
10 In this process, the mask 10 has the line and space type pattern. 

The reason why the mask 10 has the line and space type pattern 
is described in detail as follows. In general, a ratio of a 
processing speed of the transformation toward the inside of the 
silicon wall 16 and a processing speed of the formation of the 
15 silicon oxide toward the outside of the silicon wall 16 is 0 . 45 : 0 . 55 . 

In this embodiment, the ratio between the widths of the trench 
11 and the silicon wall 16 is set to be equal to the ratio of the 
processing speeds, so that the silicon oxide is formed in the trench 
11, and simultaneously the silicon wall 16 is transformed to the 
20 silicon oxide wall 16a completely. Therefore, the trench 11 is 

filled with the silicon oxide completely, and at the same time, 
the silicon wall 16 is transformed to the silicon oxide wall 16a 
completely. Thus, the lens-to-be-formed region becomes the 
silicon oxide block, so that the micro lens array 3 is completed. 
25 With using this method, any region disposed in the silicon 

substrate 8 can be changed into the silicon oxide to the depth 
of the trench 11. The mask 10 having the line and space pattern 
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is formed on the substrate 8 so as to form a lens shape viewed 
from above the substrate 8, so that the silicon oxide block having 
the lens shape is obtained by the above manufacturing method . This 
lens is the cylindrical lens having the homogeneity in the vertical 
5 direction Z, which is perpendicular to the substrate 8, 

If the silicon oxide layer is deposited on the substrate 8, 
specifically, on the lens-to-be-formed region defined by a mask 
pattern, so as to form the cylindrical lens with using chemical vapor 
deposition (i.e. , CVD) method, the thickness of the cylindrical lens 
10 is limited to be equal to or smaller than 10 . That is because 
the silicon oxide layer is formed by deposition. 

On the other hand, the above method with the trench etching 
method having large aspect ratio provides the cylindrical lens 
having the thickness thereof being equal to or larger than 100 . 
15 Thus, the micro lens array 3 as the cylindrical lens is useful and 
has a three dimensional lens (i.e., a stereoscopic lens). 

In general, coefficient of linear thermal expansion of silicon 
is different from that of silicon oxide. For example, the 
coefficient of the silicon is 2 .6X10" 6 /°C at 20°C, and the coefficient 
20 of the silicon oxide (i.e. , fused silica) is 0 . 4-0 . 5X10~ 6 /°C at 20°C . 
These values are described in Science Chronology compiled by 
National Astronomical Observatory of Japan. Accordingly, the 
silicon wall 16 may be compressed and buckled because of the 
difference of the coefficient, as shown in Figs. 14A and 14B. Here, 
25 it is assumed that a pair of trenches 11 is formed in the substrate 
8 so that the silicon wall 16 having a plate shape is formed on the 
substrate 8. The substrate 8 is thermally oxidized so that the 
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silicon wall 16 is transformed into the silicon oxide wall 16a, At 
this time in a case where the substrate 8 is cooled down to a room 
temperature, the silicon oxide wall 16a having the plate shape is 
applied with a compression stress from the both ends so that the 
silicon oxide wall 16a may be buckled. Therefore, it is assumed 
that a plurality of trenches 11 is formed in the substrate 8 so that 
a plurality of silicon walls 16 is formed in the substrate 8, as 
shown in Figs. ISA and 15B. Here, each silicon wall 16 is disposed 
parallel each other. Then, the substrate 8 is thermally oxidized 
so that the silicon wall 16 is transformed into the silicon oxide 
wall 16a. At this time in a case where the substrate 8 is cooled 
down to a room temperature, the silicon oxide wall 16a having the 
plate shape is applied with a compression stress from the both ends 
so that the silicon oxide wall 16a may be buckled. Thus, the 
cylindrical lens having a predetermined shape may not be obtained. 

However, in the first embodiment, the lens-to-be-formed 
region is surrounded with the outside trench 15 . When the substrate 
8 is cooled down to a room temperature, the cylindrical lens is not 
applied with the compression stress from the surface of the substrate 
8. Therefore, the silicon oxide wall 16a having the plate shape 
is not buckled. 

Further, the outside silicon wall 12 surrounds the periphery 
of the lens-to-be-formed region. Each silicon oxide wall 16a is 
connected together with the outside silicon oxide wall 12a. 
Therefore, the silicon oxide wall 16a is not buckled nor fallen down. 

The extending direction of the trench 11 is parallel to the 
light path of the transmitted light TB. Specifically, a plurality 



of trenches 11 disposed parallel each other is parallel to the light 
path of the transmitted light TB. As shown in Fig. 2, the micro 
lens array 3 has a boundary 4a disposed parallel to a light axis 
A of the micro lens array 3. The boundary 4a is formed between the 
5 silicon oxide wall 16a and the silicon oxide formed in the trench 
11. Therefore, the transmittance of the light of the cylindrical 
lens is limited from reducing. Here, the transmittance is reduced 
by reflection or scattering of the light reflected or scattered by 
the boundary 4a. 

10 Thus, the micro lens array 3 of the device 1 has high design 

freedom. 

Although each trench 11 has the same width, and each silicon 
wall 16 has the same width, each trench 11 can have a different width, 
and/or each silicon wall 16 can have a different width. 
15 (Second Embodiment) 

Various optical devices 200, 210, 220, 230, 240, 250 according 
to a second embodiment of the present invention are shown in Figs. 
16A to 18B. In Fig. 16A, the device 200 has a micro lens array 203 
having a cylindrical biconvex lens. The device 210 has a micro lens 
20 array 213 having a cylindrical biconcave lens. The device 220 has 
a micro lens array 223 having a cylindrical plano-concave lens (i.e. , 
a flat type cylindrical concave lens). The device 230 has a micro 
lens array 233 having a cylindrical meniscus lens. Further, the 
device can have another micro lens array having any shape. 
25 Specifically, the device can have a micro lens array having a large 
numerical aperture (i.e., a large NA) . 

Further, the device 240 has a plurality of micro lens arrays 
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243 having a cylindrical plano-convex lens, as shown in Fig. 18A. 
Each micro lens array 243 is arranged in parallel. Further, the 
device 250 has a plurality of micro lens arrays 253a-253c. Each 
micro lens array 253a-253c is arranged on the same light axis A. 
Specifically, each micro lens array 253a-253c has the same light 
axis A. Furthermore, the device 250 can include a slit 254 and the 
like. The slit 254 can be formed together with the micro lens array 
253a-253c. 

Thus, a plurality of micro lens arrays or merely lenses, or 
a micro lens array with a slit are formed together in a patterning, 
trench etching and thermal oxidation processes, so that these parts 
are formed in the substrate 8. In this case, a plurality of micro 
lens array and/or a complicated optical device with a plurality of 
lenses for passing the light can be formed on the substrate 8 with 
using one photolithography mask at the same time. Specifically, 
in case of the complicated optical device, a plurality of lenses 
is formed at the same time so that light axis of each micro lens 
is aligned without positioning each lens. Here, the positioning 
is one of difficult problem in the complicated optical device with 
a plurality of micro lenses. 

Specifically, in a case where a photolithography mask provides 
a plurality of optical parts including at least one kind of lens, 
slit or light guide in an optical device, and these parts are formed 
on a silicon substrate at the same time in trench etching and thermal 
oxidation processes, light axis in the device is aligned without 
positioning. 

(Third Embodiment) 
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An optical device 300 according to a third embodiment of the 
present invention is shown in Figs, 19 and 20. The device 300 
includes a lens 321 mounted on the silicon substrate 8. The lens 
321 is a different part, which is different from the substrate 8 
and formed independently from the substrate 8. The lens 321 and 
a plurality of micro lens arrays 3 are connected optically. The 
micro lens array 3 is a cylindrical lens so that the incident light 
IB is collimated and/or condensed in the horizontal direction X, 

Y only. The lens 321 is another cylindrical lens so that the incident 
light IB is collimated and/or condensed in the vertical direction 
Z. Thus, the device 300 can collimate and /or condense the light 
not only in the horizontal direction X, Y but also in the vertical 
direction Z. 

The silicon substrate 8 has a hole 322 for mounting the lens 
321. The hole 322 is formed with using etching method, and the lens 
321 is inserted into the hole 322 so that the lens 321 is mounted 
in the substrate 8. The device 3 00 can collimate the light radiated 
from a plurality of light sources 7 such as a semiconductor laser 
device. In general, the light radiated from the laser device has 
horizontal and vertical spreading angles. The horizontal spreading 
angle is much different from the vertical spreading angle. 
Therefore, the device 300 is required to have two cylindrical lenses, 
which correspond to the horizontal and vertical spreading angles 
and collimate the light in the horizontal or vertical direction, 
respectively. The device 300 has the micro lens arrays 3 for 
collimating or condensing the light in the horizontal direction X, 

Y and the lens 321 for collimating or condensing the light in the 



vertical direction Z, the light having a tendency of expanding in 
the horizontal and/or vertical direction. 

Although the lens 321 is a cylindrical lens, the lens 321 can 
be a columnar lens. 

(Fourth Embodiment) 

An optical device 400 according to a fourth embodiment of the 
present invention includes the micro lens array 3 as a cylindrical 
lens having a large height H. 

The device 1 shown in Fig. 1 has the height H of the micro 
lens array 3. The height H is provided by the trench 11 having the 
aspect ratio of about 60 in the trench etching process. However, 
it is difficult to obtain the trench 11 having large aspect ratio 
larger than 60. On the other hand, the silicon wall 16 is thermally 
oxidized in proportion to a square root of a thermal oxidation time 
(i.e., a process time). Specifically, the thickness of silicon 
oxide wall 16a oxidized in an oxidation process is in proportion 
to the square root of process time. As the thickness of the silicon 
oxide wall 16a becomes thicker, the process time becomes long. As 
shown in Figs. 21A and 2 IB, in a case where the thickness of the 
silicon oxide wall 16a is, for example, set to be 2 (x m so as to set 
the process time in a practical range, the width of the trench 11 
is set to be 2.2^um and the width of the silicon wall 16 is set to 
be 1.8 ]um , respectively. This construction provides that the 
trench 11 is filled with the silicon oxide, and the silicon wall 
16 is transformed into the silicon oxide wall 16a completely. In 
a case where the trench 11 has the width of 2. 2 and the aspect 
ratio of 60, a depth of the trench 11 becomes about 132 . 
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Therefore , the micro lens array 3 has the height H of 132jum . 

In a case where the micro lens array 3 has larger height H 
larger than 132 , the width of the trench 11 becomes larger so 
that the depth of the trench 11 having the aspect ratio of 60 becomes 
5 larger , as shown in Figs. 22A-22C. For example , when the width of 
the trench 11 is set to be3.2fim, the depth of the trench 11 becomes 
192 fxm . However, when the width of the silicon wall 16 is set to 
be 1.8^um, and the thickness of the oxidation becomes 2.0 /am, the 
trench 11 is not filled with the silicon oxide completely, so that 
10 the trench 11 has a clearance 406. The clearance 406 has a width 
of l.Ojum . 

Therefore, as shown in Fig. 22C, the device 400 according to 
the fourth embodiment is manufactured such that the thermal 
oxidation is performed after the trench 11 is formed in the substrate 

15 8 with using a deep reactive ion etching method (i.e., a deep RIE 
method), and then additional oxide film is deposited so as to fill 
the clearance 4 06 with the silicon oxide film with using CVD method. 
In this oxide film deposition process, the clearance 406 is filled 
with the oxide film. Here, the device 1 shown in Figs. 21A and 2 IB 

20 is manufactured such that the thermal oxidation is performed after 
the trench 11 is formed in the substrate 8 with using a deep reactive 
ion etching method (i.e., a deep RIE method). 

Thus, the trench 11 becomes deeply so that the silicon oxide 
block has a large height H. Specifically, the device 400 includes 

25 a micro lens array 3 having a large height H. In the device 400, 
each columnar member 4 as one of optical parts is connected together 
and disposed in a standing manner. The columnar member 4 is composed 
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of the silicon oxide wall 16a and the silicon oxide film formed in 
the trench 11 and in the clearance 406. The silicon oxide wall 16a 
is formed in the thermal oxidation process and the silicon oxide 
film deposition process. The silicon oxide film in the trench 11 
5 and in the clearance 406 is also formed in the thermal oxidation 
process and the silicon oxide film deposition process. 
(Fifth Embodiment) 

An optical device 500 according to a fifth embodiment of the 
present invention is shown in Figs. 23-25. The device 500 includes 

10 the micro lens array 3 integrated with an electro-static actuator 
531 so that the micro lens array 3 works as a scanner. Specifically, 
as shown in Fig. 25, the light radiated from the light source (not 
shown) enters into the micro lens array 3 in such a manner that the 
light enters out of the light axis A of the micro lens array 3, i.e. , 

15 the light path of the light is out of the light axis A. Therefore, 
the light passes through the micro lens array 3 in a slanting 
direction against the light axis A. Thus, when the light enters 
into the micro lens array 3 apart from the light axis A, the light 
passes through the micro lens array 3 at a slant. 

20 With using the above phenomenon, the micro lens array 3 is 

oscillated in a direction perpendicular to the light axis A, so that 
the light passing through the micro lens array 3 swings in relation 
to amplitude of the micro lens array 3 . Thus , the light is oscillated 
(i.e., scanned) in a predetermined range of transmission angle. 

25 Therefore, the device 500 provides an optical scanner, i.e., an 

optical scanner integrated with the substrate 8. 

Thus, the device 500 includes the actuator 531 for oscillating 
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the micro lens array 3 in the horizontal direction (i.e., the 
oscillation direction) X. The actuator 531 is integrated with the 
micro lens array 3 in the substrate 8, and disposed around the micro 
lens array 3 . The micro lens array 3 moves in the horizontal 
direction X so that the light axis A of the micro lens array 3 is 
shifted. Then, the light outputs from the micro lens array 3 in 
a various direction, i.e., the transmitted light TB is oscillated 
(i.e., scanned) in a certain direction. 

As shown in Fig. 24, the substrate 8 is a SOI (i.e., 
silicon-on- insulator ) substrate 508. The SOI substrate 508 
includes a silicon substrate 533, an embedded oxide film 534 and 
a silicon thin film layer 53 5 as an activation layer. The micro 
lens array 3 is formed in the thin film layer 535, and disposed on 
a center portion. The actuator 531 includes a pair of movable 
electrodes 536a, 536b, a pair of beams 537a, 537b and a pair of fixed 
electrodes 53 8a, 538b. The micro lens array 3 is supported and 
connected to the beams 537a, 537b so that the micro lens array 3 
is movable in the horizontal direction X. The movable electrodes 
536a, 536b is integrated with the micro lens array 3, and face the 
fixed electrodes 538a, 538b, respectively. When a predetermined 
alternating electric voltage is applied between the movable 
electrode 536a and the fixed electrode 538a, and an inverse 
alternating electric voltage is applied between the movable 
electrode 536b and the fixed electrode 538b, the micro lens array 
3 is oscillated in the oscillation direction X. 

Next, the device 500 is manufactured as follows. As shown 
in Fig. 2 6A, the SOI substrate 508 is prepared. A photolithography 
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mask 539 is formed on the thin film layer 535. The mask 539 has 
a predetermined pattern for providing the movable electrodes 53 6a, 
536b and the beams 537a/ 53 7b disposed around the micro lens array 
3 through the clearance 6 and providing the fixed electrodes 53 8a, 
5 538b facing the movable electrodes 536a, 536b. Then, the thin film 
layer 535 is etched with using the deep RIE method so that the trench 
11 , 15 is formed, as shown in Fig. 26B. At this time, for example , 
the width of the clearance 6 is 100 jum , the width of the trench 11 
is l.S^um , the thickness of the thin film layer is 150 ^ m , and the 

10 height H of the micro lens array 3 is 100 . When the thin film 
layer 535 is etched so that the depth of the trench 11 reaches 100 jli m , 
the depth of the clearance 6 may reach deeper than 150 /um because 
of a micro loading effect in the etching process. However, the 
embedded oxide film 534 prevents from being etched, so that the depth 

15 of the clearance is defined to be lSO^um. 

Then, as shown in Fig. 26C, the substrate 508 is thermally 
oxidized so that the micro lens array 3 is formed. At this time, 
the other portion of the substrate 508 that is different from the 
micro lens array 3 is also oxidized. Specifically, the surface of 

20 the other portion is oxidized. However, the thickness of the other 
part is sufficiently thicker than that of the silicon wall 16 so 
that the whole other part does not become the silicon oxide. Thus, 
the micro lens array 3 and the actuator 531 are formed. 

As shown in Fig. 27A, another mask 539 is formed on a backside 

25 of the SOI substrate 508. Then, the backside of the silicon 
substrate 533 is etched with using the wet-etching method. After 

that, a photo resist 40 is coated on the thin film layer 535, and 
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baked (annealed) so as to be hardened. 

As shown in Fig. 27B, the exposed embedded oxide film 534 is 
etched from the backside of the SOI substrate 508 with using the 
dry etching method. At this time, even if an etching gas turns around 
the fores ide of the SOI substrate 508 from a portion removed the 
embedded oxide film 534 , the lens and the actuator 531 are covered 
with the resist 540 so that they are not etched by the etching gas. 

Then, the mask 53 9 is removed, and the resist 540 is removed 
with using oxygen ashing method. Thus, the device 500 is completed. 

(Six Embodiment) 

An optical device 600 according to a sixth embodiment of the 
present invention is shown in Fig. 28. The device 600 includes the 
micro lens array 3 having an impurity doped layer 651. The impurity 
doped layer 651 is an epitaxial layer 651, in which an impurity 
concentration has a certain concentration distribution in the 
vertical direction (i.e., a film thickness direction). Here, the 
impurity is, for example, germanium (i.e., Ge), phosphorous (i.e., 
P), tin (i.e., Sn) and boron (i.e., B) . When a heavy dopant such 
as Ge, P or Sn is doped in a substrate 608 and then the doped substrate 
608 is thermally oxidized, the doped silicon oxide has high 
refractive index, which is higher than that of the non-doped silicon 
oxide. Here, the heavy dopant is heavier than silicon. When a light 
dopant such as B is doped in the substrate 608 and then the doped 
substrate 608 is thermally oxidized, the doped silicon oxide has 
low refractive index, which is lower than that of the non-doped 
silicon oxide. Here, the light dopant is lighter than silicon. 

The device 600 is manufactured as follows. At first, for 



example , the epitaxial layer 651 having a various impurity 
concentration in the vertical direction is formed on the silicon 
substrate 608 with using the CVD method and the like. Here, the 
epitaxial layer 651 includes the impurity of Ge, and the impurity 
5 concentration in the epitaxial layer 651 is varied continuously in 
depth , as shown in Fig. 29A. The impurity concentration has a 
maximum concentration at a predetermined depth so that the 
concentration has a chevron shape, as shown in Fig. 29B. 
Specifically, the epitaxial layer 651 is deposited on the substrate 

10 608 so as to have the predetermined impurity concentration 
distribution shown in Fig. 29B. Then, as shown in Fig. 30, the mask 
10 is formed on the substrate 608, so that the micro lens array 3 
is formed by the deep RIE and thermal oxidation processes. 
Specifically, the epitaxial layer 651 is formed on the substrate 

15 608, and then the trench 11 is formed so that the silicon oxide block 
has the impurity concentration distribution in the vertical 
direction, i.e., in depth. Thus, the device 600 has the 
construction shown in Fig. 28. In this case, since the impurity 
concentration of the substrate 608 in depth, i.e., in the vertical 

20 direction Z of the micro lens array 3 has the chevron shape, the 
micro lens array 3 can condense the light in the vertical direction 
Z without additional lens. Further, the micro lens array 3 
condenses the light in the horizontal direction since the lens is 
a cylindrical plano-convex lens. 

25 Although the impurity concentration distribution in the 

substrate 608 is continuous, the impurity concentration 
distribution can be discontinuous, as shown in Figs. 31A and 3 IB. 
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In Fig. 3 IB, the impurity concentration distribution in the 
substrate 608 has a step-like chevron shape. 

Although the impurity doped layer 651 is the epitaxial layer 
having a various impurity concentration distribution in the vertical 
direction Z, the impurity doped layer 651 can be formed with using 
an ion implantation method or a thermal diffusion method. For 
example , an impurity is doped from the surface of the substrate 608 
with using the ion implantation method or the thermal diffusion 
method. Then, the substrate 60 8 is annealed. However, the 
substrate 608 can have the impurity doped layer 651 without annealing 
after the impurity is doped. 

(Seventh Embodiment) 

An optical device 700 according to a seventh embodiment of 
the present invention is shown in Fig. 32. The device 700 includes 
the micro lens array 3 formed from the doped substrate 608 , which 
has the impurity concentration distribution. The device further 
includes a light guide 755. The light guide 755 can be formed by 
the same method as the micro lens array 3 is formed. Specifically, 
a plurality of periodic trenches is formed in the substrate 608. 
The number of trenches is less than that of the micro lens array 
3, and the length of the trench is much longer in a longitudinal 
direction of the trench, so that the silicon oxide block having a 
line shape is formed. Thus, the light guide 755 is formed. 

For example, the width of the trench is 1.5^ m , and the width 
of the silicon wall is 1.5 /urn . The length of the silicon wall is 
1mm. The trench is sandwiched by a pair of silicon walls disposed 
parallel together. Then, the substrate 608 is thermally oxidized 
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so that the light guide 755 having the width of 6^wm and the length 
of 1mm is completed. In the light guide 755, the light is trapped 
around the center of the light guide 755. That is because the center 
of the light guide 755 has the maximum refractive index since the 
impurity concentration distribution has the maximum concentration 
at the center of the light guide 755 in the vertical direction Z. 
In the horizontal direction, the light guide 755 has a boundary 
between the light guide 755 and atmosphere, so that the light is 
trapped in the light guide 755* 

Although the light guide 755 has a rectangular shape, the light 
guide 755 can have a different shape. Further, the light guide 755 
can be formed together with the micro lens array 3 , so that the light 
axis of the light guide 755 is aligned to that of the micro lens 
array 3 without positioning. 

Further, another device 7 01 has a plurality of micro lens 
arrays 3, the lens 321 for condensing the light in the vertical 
direction, and another light guide 756. The light guide 756 faces 
each micro lens array 3. The light guide 756 includes a plurality 
of light guide parts 762. Each light guide part 762 faces the micro 
lens array 3, respectively. Each light guide part 7 62 is optically 
connected together so that the light guide parts 762 are focused 
into one light guide part. Specifically, one end of the focused 
light guide part is connected to a plurality of light guide parts, 
and the other end of the focused light guide faces an optical fiber 
763. The lens 321 and the optical fiber 763 are mounted on the 
substrate 608. In this case, the micro lens array 3 and the light 
guide 762 are not required to position, so that the array 3 is aligned 



to the light guide without positioning. Further, it is easy to 
position the lens 321 and the optical fiber 763 since the lens 321 
and the optical fiber 7 63 are aligned by an engagement into the 
substrate 608. Further, the device 701 has a simple construction, 
5 so that coefficient of light coupling between parts is limited from 
reducing. Furthermore, the device 701 can be produce in large 
quantities so that the manufacturing cost is reduced. 

Such changes and modifications are to be understood as being 
within the scope of the present invention as defined by the appended 
10 claims. 
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